A tuberculin-active glycopeptide containing eight different amino acids and glucose was isolated from the protoplasm of Mycobacterium tuberculosis. A molecular weight of 4,000 to 5,000 was established by Sephadex gel filtration; other analyses showed a peptide to carbohydrate ratio of 9: 1. These observations suggest a tentative composition of 3 to 4 residues of glucose, 12 residues each of aspartic and glutamic acids, 3 residues each of lysine, glycine, and serine, and I residue each of arginine, threonine, and alanine.
In an earlier publication, we described the biological activity of tuberculin-active skin test antigens isolated from the protoplasm of mycobacteria (13) . For this study we fractionated protoplasmic peptides of Mycobacterium tuberculosis strain H37Rv (PPP-TB) and subsequently investigated the chemical composition of the tuberculin-active fraction.
MATERIALS AND METHODS PPP-TB was obtained by disrupting the cells in a Ribi cell fractionator (model Sorvall RM-1) and removing the intact cells, cell walls, and other particulate material by differential centrifugation (6) . The cytoplasmic fraction was further centrifuged at 144,700 x g for 3 hr, and the supernatant fraction was extracted with ethanol-ether (6) .
Purification of PPP-TB was now attempted by Sephadex G-50 column (2.0 by 25 cm) chromatography, with pyridine-acetic acid-water (1:0.4:98.6; pH 5.5) as an eluent. Approximately 50 fractions of 10 ml each were collected and spectrophotometrically assayed by using ninhydrin (7) and sulfuric acid-phenol methods (8) . Aspartic acid (0.1 to 1.0 mM) and glucose (0.01 to 0.1 mM) were used as standards.
The Sephadex column was calibrated with commercially available insulin (molecular weight, 5,777) to determine the approximate molecular weight of PPP-TB by Sephadex gel filtration (1). Before and after gel filtration, PPP-TB was assayed for total phosphorus by using the method of Bartlett (5) . The presence of nucleotides was also demonstrated by spotting aqueous solutions of 0.1 ml of PPP-TB on Whatman no. 2 paper. When the dry paper was observed under ultraviolet (UV) light at 260 nm, the nucleotides revealed themselves as blue spots (6) . 172 The effect of a proteolytic enzyme was studied by incubating 5 mg of PPP-TB with 0.4 mg of trypsin in 1.2 ml of 0.2 M ammonium-bicarbonate buffer (pH 8.0) at 37 C for 48 hr. Subsequent paper chromatography on Whatman no. 2 paper, with 1-butanol-acetic acidwater (8:2:2) used as solvent, was employed to check the enzymatic effect. The chromatogram was sprayed with ninhydrin reagent (14) and aniline-phosphoric acid-acetone reagent (I 1). PPP-TB was also chromatographed on paper after hydrolysis in 2 N hydrochloric acid for 4 hr at 110 C. The RF values of the samples were compared with those of a variety of monosaccharides and amino acids. The monosaccharide standard solutions were submitted to acid hydrolysis along with the sample under investigation.
Lyophilized samples of I to 5 mg of PPP-TB were hydrolyzed for 8 hr with I N hydrochloric acid in methanol. Further preparations for the analysis of carbohydrates by gas-liquid-chromatography (GLC) were described earlier (9). Farshtchi and Moss (10) described the instrument used and the operating conditions. A 2.44-m glass U-tube column packed with 3% OV-1 was used. This nonpolar liquid phase was coated on 60-to 80-mesh Gas-Chrom Q (Applied Science Laboratories, Inc., State College, Pa.). The column was temperature-programmed from 130 to 220 C at a rate of 3 C per min; detector and injector temperatures were 275 and 300 C, respectively. The polar column and the working conditions used in this study were described earlier (10) . The carbohydrates were identified by comparing their retention times with those of a variety of reference samples both on polar and nonpolar columns.
PPP-TB samples of I to 5 mg were hydrolyzed in 6 N hydrochloric acid at 110 C for 24 and 48 hr in sealed evacuated pyrex tubes. The acid was then removed at 30 C in a Buchi rotary evaporator. Amino acids were analyzed in a Beckman-Spinco amino acid analyzer GLYCOPEPTIDE OF MYCOBACTERIA (model 120C) by using an accelerated buffer system (publication A-TB-035, Spinco Division, Beckman Instruments, Palo Alto, Calif., 1966).
After Sephadex gel filtration, samples of 10 to 30 mg of lyophylized PPP-TB were reconstituted in I to 3 ml of distilled water and fractionated by preparative paper chromatography in the above described solvent. The location of peptide fractions was ascertained by dipping 2-cm-wide strips of the dry chromatogram in ninhydrin reagent. The peptide fractions were cut out of the unstained chromatogram with the stained strips used as guide lines. Peptides were eluted from the paper with pyridine-acetic acid buffer (pH 5.5) and lyophylized. PPP-TB was fractionated also by ion-exchange chromatography (12) by using a Bio-Gel (AG 5OW-X4, 100 to 200 mesh, hydrogen form) column (2.0 by 25 cm). The elution was carried out by stepwise addition of pyridineacetic acid-water with a pH range of 3.5 to 7.0.
Each (13) .
After the tuberculin-active fraction of PPP-TB was identified, another portion of that particular eluate was hydrolyzed and analyzed by the methods described above.
RESULTS
The results of the purification of PPP-TB by Sephadex G-50 gel filtration are given in Fig. 1 . A fraction containing carbohydrate but no peptide was eluted with 30 to 80 ml of effluent. Fractions contributing to the first peak were discarded, because they showed a positive reaction to the phosphorus test, a UV absorption at 260 nm, and a lack of biological activity. In contrast to the first peak, no phosphorus or UV absorp- tion was observed in the fractions contributing to the second peak.
The third peak shown in Fig. I is that of the insulin standard (molecular weight, 5,777) eluted with 90 ml of effluent. The order of elution from the Sephadex column suggested a PPP-TB molecular weight of 4,000 to 5,000. Paper chromatography of a trypsinized sample and of a control sample showed no enzyme effect after 48 hr of incubation. The exposure to trypsin did not impair the tuberculin activity of PPP-TB in hypersensitive guinea pigs.
After acid hydrolysis PPP-TB was chemically analyzed. GLC Table 2) .
Because of the lack or low degree of tuberculin reactivity of five fractions, only the active fraction (I or 3, respectively) was chemically analyzed. After acid hydrolysis glucose was identified by GLC and paper chromatography. Arabinose and xylose as additional components of the unfractionated PPP-TB seem to be part of another fraction; four fractions did not contain any carbohydrate, according to the sulfuric acidphenol test ( Table 2 ). The identity of the tuberculin-active fractions obtained by paper chromatography (I) and ion-exchange chromatography (3) was demonstrated also by identical amino acid analyses. The amounts of aspartic and glutamic acids, serine, lysine, glycine, arginine, alanine, and threonine are listed in Table 1 .
The analyses of the tuberculin-active fraction by the ninhydrin tube test and the sulfuric acid-phenol test revealed a total amount of 0.45 mmoles of peptide (as aspartic acid) and 0.05 mmoles of carbohydrate (as glucose). This proportion indicates a percentage of 90% peptide and 10% glucose in the molecule of the fraction.
DISCUSSION
Baer and Chaparas (4) isolated a dialyzable substance from purified protein derivatives (PPD) of mycobacterial culture filtrates. The substance was sufficiently tuberculin reactive to indicate that high molecular weight is not necessarily a criterion for tuberculin reactivity. This dialyzable material was low in protein, possessed a small quantity of lipid, and was largely carbohydrate. Recently Augier and Augier-Gibory (2) analyzed PPD by isoelectric focusing and observed several fractions with small molecular weights at well-defined pH values from 4.5 to 7.0. In another publication (3) these authors mention glycopeptides as tuberculin-active components of PPD. The characterization of a tuberculin-active glycopeptide isolated from the protoplasm of M. tuberculosis supports these observations. However, further studies are needed to prove the identity or relation of the PPD and PPP fractions.
The tuberculin-active glycopeptide was purified by a combination of gel filtration, preparative paper chromatography and ion-exchange chromatography. The order of elution from the Sephadex G-50 column in comparison to an insulin standard permits the estimation of the molecular weight in a range of 4,000 to 5,000. Since the peptide-glucose ratio was found to be 9:1, the following tentative composition can be calculated: 12 residues each of glutamic and aspartic acids, 3 residues each of lysine, glycine, and serine, one residue each of arginine, threonine, and alanine, with a total of 36 amino acid residues and 3 to 4 residues of glucose. Glucose seems to be covalently bound to the peptide portion of the molecule, since it was only demonstrated after acid hydrolysis of the fraction. Further studies employing various enzymes are needed for revealing the role of certain amino acids and glucose in eliciting delayed hypersensitivity in guinea pigs.
Although the described glycopeptide was slightly less reactive in vivo than the unfractionated PPP-TB or comparable doses of conventional PPD, we observed that only M. tuberculosis-infected guinea pigs showed positive skin reactions, whereas BCG-vaccinated animals reacted negatively. This preliminary account on the investigation of a tuberculin-active fraction suggests homogeneity of the product; however, it would be desirable if other investigators, using different tests, confirm the purity of the fraction.
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